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ABSTRACT

Aim: Surgery is the mainstay of treatment for invasive rectal cancer.  Advances in surgical technique and radiotherapy over 
the past few decades have resulted in improved local control and survival.1-3  Some concern remains regarding the morbidity 
associated with performing surgery within a short window following radiotherapy.  The current study assessed whether the 
interval between short-course radiotherapy and surgery influences all cause post-operative morbidity and mortality.

Methods: All patients who had undergone short-course radiotherapy for rectal cancer within the Belfast Health and Social Care 
Trust from 2005 to 2014 held on a prospective database were included (n=102). A retrospective review of patients’ clinical 
records was performed and a comparison made of patients who had undergone surgery less than 4 days with those 4 or more days 
following completion of radiotherapy.  Baseline patient and tumour characteristics, post-operative complications and readmission 
rates were compared. Statistical analysis was performed using SPSS ®, Version 22 (SPSS, Inc, Chicago, Illinois, USA). 

Results: There was no significant difference in mortality or overall post-operative complications between groups, however, less 
serious complications were reduced in patients undergoing surgery less than 4 days following radiotherapy.  Perineal wound 
complications were significantly more common in patients who had undergone surgery 4 or more days following radiotherapy. 

Conclusion: Our results support the existing data that post-operative complications may be more common with increasing 
interval to surgery from completion of radiotherapy. Perineal wound morbidity appears significantly more common in patients 
who undergo surgery 4 or more days following short-course radiotherapy.  A larger study to look particularly at perineal wound 
morbidity and interval from completion of radiotherapy is warranted. 

INTRODUCTION

The two major developments in the treatment of rectal cancer 
have been the introduction of total mesorectal excision (TME) 
and the use of radiotherapy which improved local control 
and overall survival.1,4 Prior to TME and radiotherapy, local 
recurrence was reported in 15-45% of patients with rectal 
cancers.5-7 Since the widespread establishment of TME as 
the gold standard operative technique for rectal cancer, local 
recurrence rates have dropped to 5-10%.8,9

Even before the establishment of TME, preoperative 
radiotherapy has been shown to reduce local pelvic 
recurrence and improve survival in the Stockholm I and II 
trials.10,11 Results from the Swedish Rectal Cancer Trial then 
demonstrated that short-course pre-operative radiotherapy 
reduces local recurrence by more than 50%.12 Current 
standard practice for short-course pre-operative radiotherapy 
(SCRT) involves a standard radiation dose of 25Gy in 5Gy 
fractions, given over five consecutive weekdays. Surgery is 
then performed after 3-10 days.

The short interval between SCRT and surgery means that 
SCRT does not result in any significant tumour shrinkage prior 
to resection.  The radiotherapy in general is well-tolerated 
although there has been reported post-operative morbidity 
and mortality.13-15  Fokstuen and colleagues16 reported that 
following short-course radiotherapy, an abnormal leucocyte 
response following surgery predisposes to an increase risk 
of sepsis and hence post-operative morbidity.  A longer than 
recommended radiotherapy-surgery interval appeared to be 
associated with increased post-operative mortality.

The timing of surgery remains controversial. Van de Broek 
and co-workers17 suggested that the postoperative mortality 
from non-cancer related causes is higher with longer intervals 
to surgery (>3days) in certain subsets of patients following 
completion of radiotherapy. One might hypothesise that 
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post-operative morbidity increases with the interval to 
surgery following short fractionation radiotherapy. Different 
intervals from completion of radiotherapy to surgery are seen 
in all colorectal units due to logistics of theatre availability 
throughout the working week and individual consultants’ job 
plans.   

The aim of this study was to assess whether the interval 
between SCRT and surgery influences all cause postoperative 
morbidity and mortality.

METHODS

The colorectal surgery database is comprised of prospectively 
collated data relating to colorectal cancer resections performed 
within the Belfast Health and Social Care Trust. 102 patients 
who had undergone SCRT for rectal cancer from 2005 to 2014 
were identified from the database and included in the study.  
Patients all underwent appropriate staging investigations and 
were discussed at the local Multidisciplinary Meeting (MDM) 
prior to commencement of short-course radiotherapy.  Staging 
investigations were computed tomography (CT) of chest, 
abdomen and pelvis and pelvic MRI. Two patients could 
not have an MRI performed due to the presence of a cardiac 
pacemaker and therefore underwent endoscopic ultrasound. 

Patients were all assessed by a colorectal oncologist for 
radiotherapy planning.  A standard radiation dose of 25Gy 
in 5Gy fractions, given over five consecutive weekdays 

was used. Surgery was subsequently performed by one of 7 
surgeons trained in TME after a delay of 3 to 10 days.   

A retrospective review of patients’ medical records was 
performed.  A short trial of data collection was conducted to 
compare the data that could be gleaned from patients’ notes 
(hard copy) compared to electronic sources. These were 
comparable and so the decision was made to use electronic 
data sources and only pull patients’ charts if there were any 
data gaps. The main reason for this was difficulty in obtaining 
charts for the deceased patients.

Data were collected on age, gender, co-morbidities, pre-
operative radiological staging (TNM), tumour height, interval 
to surgery, surgery performed, stoma rates, pathological 
staging, post-operative complications, mortality, length of stay 
and 6 week re-admission rates. Post-operative complications 
were grouped according to the Clavien-Dindo classification of 
surgical complications.18 The intention was to group patients 
into three groups; those who had undergone surgery 0-3 days, 
4-7 days and greater than seven days following completion 
of radiotherapy, in line with previous studies.17  However, 
only two patients had undergone surgery with an interval of 
greater than seven days (10 days) following completion of 
radiotherapy and so patients were grouped into two groups; 
those who had undergone surgery less than 4 days and 
those who had undergone surgery 4 or more days following 
completion of radiotherapy.  

Table 1 
Patient and tumour characteristics for those undergoing surgery <4 days or ≥ 4 days following short-course radiotherapy

	 < 4 days	 ≥ 4 days	 P Value
	 (n=30)	 (n=65)
	 n (%) or Mean±SD	 n (%) or Mean±SD	

Age (years)	 67.1 ±8.1	 63.4 ±13.0	 0.184

Gender	 Male    23 (76.7)	 Male      41 (63.1)	 0.242
	 Female  7 (23.3)	 Female  24 (36.9)

ASA grade	 I     9 (30.0)	 I     28 (43.1)	 0.048
	 II  12 (40.0)	 II    31 (47.7)
	 III   8 (26.7)	 III    6 (9.2)
	 IV   1 (3.3)	 IV    0 (0.0)

Pre-op Dukes’ stage	 A     1 (3.3)	 A     3 (4.6)	 0.051
	 B   21 (70.0)	 B   27 (41.5)
	 C    8 (26.7)	 C   33 (50.8)
	 D    0 (0.0)	 D     2 (3.1)

Tumour Height (cm)	 5.5 ±3.1	 5.8 ±2.6	 0.395

Post-op Dukes’ stage	 A    2 (6.7)	 A       6 (9.2)	 0.365
	 B  12 (40.0)	 B     19 (29.2)
	 C  14 (46.7)	 C     35 (56.9)
	 D    2 (6.7)	 D       1 (1.5)
		  None 2 (3.1)
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Statistical analysis of the data was performed using 
SPSS®Software, Version 22 (SPSS, Inc, Chicago, Illinois, 
USA). Categorical data were analysed using Fisher’s exact 
test. Continuous data are represented as mean (±SD) and 
comparisons were made using the Mann-Whitney U-test. 
A P-value of less than 0.05 was considered statistically 
significant.

RESULTS

One hundred and two patients were identified from the 
colorectal database, having undergone SCRT between 2005 
and 2014 within the Belfast Health and Social Care Trust.  Of 
these, 4 patients were seen in the private sector and had all 
of their work-up performed privately so complete data could 
not be obtained. These patients were excluded. No notes 
were available for 2 patients and one patient never underwent 
surgery as a co-incidental meningioma was diagnosed during 
SCRT.  Therefore, 95 patients were included in the analysis. 

There was no significant difference in age, gender and tumour 
height between patients who had undergone surgery less 
than 4 days following completion of SCRT and those who 
had undergone surgery 4 or more days following completion 
of radiotherapy (Table 1).  The ASA grade of patients who 
had undergone surgery less than 4 days following SCRT was 
higher than patients who had undergone surgery 4 or more 
days following completion of radiotherapy (p=0.048).  The 
pre-operative Dukes’ stage appeared to be lower in the group 
of patients operated on less than 4 days post radiotherapy 
(p=0.051).  However, there was no significant difference in 
post-operative stage between the 2 groups.    

The overall complication rate was 64.2%.  There appeared 
to be a lower overall complication rate in those patients 
who had undergone surgery less than 4 days following 
completion of radiotherapy (53.3% vs 69.2%), however, this 
did not reach statistical significance (Table 2). There was 

a statistically significantly lower rate of grade II Clavien-
Dindo complications in patients who had undergone surgery 
less than 4 days following SCRT (p=0.028).  The rate of 
perineal wound complications was also significantly higher 
in patients who had undergone surgery 4 or more days 
following radiotherapy (p=0.021).  There was no significant 
difference in mortality between the groups. Two patients who 
had undergone surgery 4 or more days following completion 
of radiotherapy died during admission.  Both deaths were 
related to cardiorespiratory complications in patients with 
pre-existing cardio-respiratory dysfunction. 

There was no significant difference in length of hospital stay 
(12 days vs 14 days) or readmission rates within 6 weeks 
(16.7% vs 21.5%) between the two groups. Of note, there 
were 4 readmissions due to perineal wound complications, 
each of whom had undergone surgery 4 or more days 
following completion of radiotherapy. 

DISCUSSION

Pre-operative short-course radiotherapy is widely used in the 
UK and Northern Europe to reduce local recurrence rates in 
patients with rectal cancer, treated with TME. In this study, we 
investigated the effect of interval from completion of SCRT 
to surgery on overall post-operative morbidity and mortality.  

There is a high morbidity associated with rectal surgery 
following SCRT.  The overall morbidity was 62.1% which 
included any variation from the normal post-operative 
course. The in-hospital mortality rate was 2.1% (n=2), with 
both patients being operated on 4 or more days following 
last fraction of radiotherapy (p=0.99) and not from surgical 
causes.  These figures are comparable with several published 
clinical trials.  Early results from the Dutch TME trial 
showed a 3% in-hospital mortality. They also reported a 51% 
post-operative complication rate.19 Peterson et al. analysed 
657 patients from the Stockholm III Trial and found a 

Table 2
Post-operative course for patients undergoing surgery <4 days or ≥ 4 days following short-course radiotherapy

	 < 4 days	 ≥ 4 days	 P Value
	 (n=30)	 (n=65)
	 n (%) or Median (ICR)	 n (%) or Median (ICR)	

Length of stay	 12 (10)	 14 (10)	 0.535
(days)	

Complications	 Overall 16 (53.3)	 Overall 45 (69.2)	 0.169
(Clavien-Dindo classification)	 I      5 (16.7)	 I        7 (10.8)	 0.510
	 II     9 (30.0)	 II     36 (55.4)	 0.028
	 III    7 (23.3)	 III    10 (15.4)	 0.394
	 IV    0 (0.0)	 IV      0 (0.0)	 >0.999
	 V     0 (0.0)	 V       2 (3.1)	 >0.999

Perineal wound complications	 0 (0.0)	 9 (26.5)	 0.021

Readmission within 6 weeks	 5 (16.7)	 14 (21.5)	 0.784
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post-operative complication rate of 52.5% in patients who 
underwent short-course radiotherapy and immediate surgery 
(n=270).20  In the current study we included any deviation 
from the normal post-operative course as a complication, 
for example, prolonged ileus and chest infections.  It is not 
clear if these were included in the studies mentioned above, 
which may account for our slightly higher post-operative 
complication rate.  

There was no significant difference in overall complications 
between patients who had undergone surgery less than 4 
days following completion of SCRT and those operated on 
with an interval of 4 or more days (p=0.17).  However, on 
comparing different grades of complications according to 
the Clavien-Dindo classification, there appeared to be fewer 
low grade complications in patients who had undergone 
surgery less than 4 days following completion of SCRT.  This 
reached statistical significance for Clavien-Dindo grade II 
complications (p=0.027). 

When we looked specifically at perineal complications in 
patients who underwent abdomino-perineal resections, we 
found that there was a statistically significant difference 
between the groups.  There were no perineal complications 
in the 17 patients who were operated on less than 4 days 
following SCRT, however, 26.5% (9/34) of patients who 
were operated on 4 or more days following radiotherapy 
developed perineal complications (p=0.021).  However, this 
study was not designed to detect differences in individual 
post-operative complications and the sample size is relatively 
small in comparison with other published studies.  Therefore, 
this result should be interpreted with caution. A recent meta-
analysis of 32 studies by Musters et al. investigating perineal 
wound healing after abdomino-perineal resection for rectal 
cancer, showed a perineal wound complication rate of 15.3% 
in patients who did not undergo neo-adjuvant radiotherapy.21  
In the patients who underwent neo-adjuvant radiotherapy 
the perineal wound complication rate rose to 30.2% after 
conventional surgery.   

Perineal wound complications are a significant source of 
morbidity for patients and are often very slow to heal in the 
post-radiotherapy setting.  Chadwick et al showed that one-
half of patients’ perineal wounds had not healed by three 
months post-operatively and one-quarter by one year.22   In 
our study, 4 patients were readmitted within 6 weeks post-
operatively with perineal wound complications and required 
negative pressure dressings.   

Several theories have been proposed to account for the 
increased post-operative morbidity following radiotherapy 
for rectal cancer.  The Dutch Colorectal Cancer Group 
suggest that there is a radiation induced increase in systemic 
cytokines.23   Another theory is that bone marrow depression 
may result in suppression of pre-operative leucocyte counts 
or the leucocytosis usually seen following abdominal 
surgery.20,23,24  However, this does not necessarily explain why 
patients who undergo surgery within 3 days of completion 
of SCRT have fewer complications.  It may be that the 

radiotherapy has not reached its maximum potential to cause 
complication at 0-3 days post completion.          

This study looked at different intervals from radiotherapy 
completion to surgery which were related to consultants’ 
job plans.  This inherently meant that different surgeons 
were being compared as well as the interval to surgery.  
Only 2 surgeons routinely operated on patients within 3 
days of completion of radiotherapy.  However, the study 
was conducted within a colorectal unit in which there is no 
significant difference between individual surgeon outcomes.  
The study included both laparoscopic and open surgery and 
we did not specifically compare this.  Laparoscopic resections 
were however performed in both interval groups.  In the data 
analysis, no specific complications which were attributable to 
a laparoscopic approach were observed.

CONCLUSION

Pre-operative radiotherapy in combination with TME has 
significantly reduced local recurrence rates from rectal cancer.  
However, its effect on long-term survival has been less 
impressive.  Our study correlates with results from previous 
studies in terms of complications following SCRT.  They 
also support the suggestion that post-operative complications 
are more common with increasing interval to surgery from 
completion of radiotherapy. This needs to be considered when 
scheduling patients for surgery.     

In our results, there was a significant difference in the rates of 
perineal wound complications in patients who had undergone 
surgery 4 or more days following completion of radiotherapy.  
A larger study population in a study specifically designed to 
look at the differences in perineal wound complications with 
interval from radiotherapy is warranted. 

We have no conflicts of interest to declare.

ACKNOWLEDGEMENTS

We acknowledge the important role of Dr Robert Hart and Dr Richard 
Park in the management of these cases.

REFERENCES

1.	 Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal cancer 
surgery: the clue to pelvic recurrence? Br J Surg. 1982;69(10):613-6.

2.	 Enker WE. Total mesorectal excision- the new golden standard of surgery 
for rectal cancer. Ann Med. 1997;29(2):127-33. 

3.	 Frykholm GJ, Isacsson U, Nygård K, Montelius A, Jung B, Påhlman L, 
et al. Preoperative radiotherapy in rectal carcinoma- aspects of acute 
adverse effects and radiation technique. Int J Radiat Oncol Biol Phys. 
1996;35(5):1039-48.

4.	 Wibe A, Eriksen MT, Syse A, Søreide O, Norwegian Rectal Cancer 
Group. Total mesorectal excision for rectal cancer – what can be achieved 
by a national audit? Colorectal Dis. 2003;5(5):471-7.

5.	 Medical Research Council Rectal Cancer Working Party. Randomised 
trial of surgery alone versus surgery followed by radiotherapy for mobile 
cancer of the rectum. Lancet. 1996;348(9042):1610-4.

6.	 Arnaud JP, Nordlinger B, Bosset JF, Boes GH, Sahmoud T, Schlag 
PM, et al. Radical surgery and postoperative radiotherapy as combined 
treatment in rectal cancer. Final results of a phase III study of the 
European Organisation for Research and Treatment of Cancer. Br J 



176 The Ulster Medical Journal

UMJ is an open access publication of the Ulster Medical Society (http://www.ums.ac.uk).
The Ulster Medical Society grants to all users on the basis of a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International Licence the right to alter or build upon the work non-commercially, as long as the author is credited 
and the new creation is licensed under identical terms.

Surg. 1997;84(3):352-7.

7.	 Kapiteijn E, Marijnen CA, Colenbrander AC, Klein Kranenbarg E, 
Steup WH, van Krieken JH, et al. Local recurrence in patients with 
rectal cancer diagnosed between 1988 and 1992: a population-based 
study in the west Netherlands. Eur J Surg Oncol. 1998;24(6):528-35. 

8.	 Heald BJ Karanjia ND. Results of radical surgery for rectal cancer. 
World J Surg. 1992;16(5):848-57.

9.	 Bong-Hyeon K, Hyeon-Min C. Overview of radiation therapy for treating 
rectal cancer. Ann Coloproctol. 2014;30(4):165-74.

10.	 Cedermark B, Johansson H, Rutqvist LE, Wilking N. The Stockholm I 
trial of preoperative short term radiotherapy in operable rectal carcinoma. 
A prospective randomized trial. Stockholm Colorectal Cancer Study 
Group. Cancer. 1995;75(9):2269-75

11.	 Martling A, Holm T, Johansson H,  Rutqvist LE, Cedermark B; Stockholm 
Colorectal Cancer Study Group. The Stockholm II trial on preoperative 
radiotherapy in rectal carcinoma. Cancer. 2001;92(4):896-902.

12.	 Swedish Rectal Cancer Trial. Improved survival with preoperative 
radiotherapy in resectable rectal cancer. N Engl J Med. 1997;336(14):980-
7.

13.	 van Gijn W, Marijnen CA, Nagtegaal ID, Kranenbarg EM, Putter 
H, Wiggers T, et al. Preoperative radiotherapy combined with total 
mesorectal excision for resectable rectal cancer: 12 year follow-up 
of the multicenter, randomized controlled TME trial. Lancet Oncol. 
2011;12(6):575-82.

14.	 Marijnen CA, Kapiteijn E, van de Velde CJ, Martijn H, Steup WH, 
Wiggers T, et al. Acute side effects and complications after short-term 
preoperative radiotherapy combined with total mesorectal excision in 
primary rectal cancer: report of a multicenter randomized trial. J Clin 
Oncol. 2002;20(3):817-25.

15.	 Ooi BS, Tjandra JJ, Green MD. Morbidities of adjuvant chemotherapy 
and radiotherapy for resectable rectal cancer: an overview. Dis Colon 
Rectum. 1999;42(3):403-18.

16.	 Fokstuen T, Holm T, Glimelius B. Postoperative morbidity and 
mortality in relation to leukocyte counts and time to surgery after 
short-course preoperative radiotherapy for rectal cancer. Radiother 
Oncol. 2009;93(2):293-7.

17.	 van de Broek CBM, Vermeer TA, Basiaannet E,  Rutten HJ, van de 
Velde CJ, Marijnen CA. Impact of the interval between short-course 
radiotherapy and surgery on outcomes of rectal cancer patients. Eur J 
Cancer. 2013;49(15):3131-9.

18.	 Clavien P, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick 
RD, et al. The Clavien-Dindo classification of surgical complications 
five-year experience. Ann Surg. 2009;250(2):187–96.

19.	 Kapiteijn E, Kranenbarg EK, Steup WH, Taat CW, Rutten HJ, Wiggers 
T, et al. Total mesorectal excision (TME) with or without preoperative 
radiotherapy in the treatment of primary rectal cancer. Prospective 
randomised trial with standard operative and histopathological techniques. 
Dutch ColoRectal Cancer Group.  Eur J Surg. 1999;165(5):410-20.

20.	 Pettersson D, Cedermark B, Holm T, Radu C, Påhlman L, Glimelius B, 
Martling A. Interim analysis of the Stockholm III trial of preoperative 
radiotherapy regimens for rectal cancer. Br J Surg. 2010;97(4):580-7.

21.	 Musters GD, Buskens CJ, Bemelman WA,  Tanis PJ. Perineal wound 
healing after abdominoperineal resection for rectal cancer: a systematic 
review and meta-analysis. Dis Colon Rectum. 2014;57(9):1129-39.

22.	 Chadwick MA, Vieten D, Pettitt E, Dixon AR, Roe AM. Short course 
preoperative radiotherapy is the single most important risk factor for 
perineal wound complications after abdominoperineal excision of the 
rectum. Colorectal Dis. 2006;8(9):756-61.

23.	 Marijnen CAM, Leer JWH, Putter H, Kapiteijn E. Interval between 
preoperative radiotherapy and surgery influences postoperative mortality 
in rectal cancer patients: the sooner the better. Eur J Cancer 2001; 37: S273.

24.	 Johnson LB, Adawi D, Sandberg S, Ottochian B, Albertsen C, Manjer J,  
et al. Peripheral leucocyte count variations in rectal cancer treatment. 
Eur J Surg Oncol 2009;35(6):611-616.


